Using fast beam photofragment spectroscopy, we have studied the competition between photodissociation and photodetachment in O 2 Ϫ . The photodissociation fraction is ϳ10% and increases somewhat between 285 and 266 nm. High resolution photofragment spectroscopy shows that the O 2 Ϫ beam is composed of vϭ0 ions only. The photofragment angular distribution has an anisotropy parameter ␤ϭ1.9, indicating that the process of dissociation has a parallel character, attributed to the A 2 ⌸ u ←X 2 ⌸ g transition. A detailed analysis of the kinetic energy release of the photofragments shows the structure related to the distribution over the six fine-structure dissociation limits O Ϫ ( 2 P 3/2,1/2 )ϩO ( 3 P 2,1,0 ). The results are compared with an analytical diabatic dissociation model, taking into account the long range charge-quadrupole interactions; the A 2 ⌸ u is described in a Born-Oppenheimer electrostatic aproximation and projected onto the different fine-structure states at large internuclear separation using analytical expressions derived from the long range charge-quadrupole interactions between O Ϫ and O fragments.
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I. INTRODUCTION
The O 2 Ϫ is a stable molecular ion. It has an electron affinity of 0.43 eV. 1, 2 From Raman spectroscopy and autodetachment experiments, the vibrational constant is determined to be 1090 cm
Ϫ1
. 3, 4 The addition of an extra electron to the 3 ⌺ g Ϫ electronic ground in the antibonding g orbital state weakens the chemical bond and increases the equilibrium separation from 1.2075 Å in O 2 to 1.346 Å in O 2 Ϫ . 2, 5 The ground state of the anion is of inverted 2 ⌸ g symmetry with a fine-structure constant AϭϪ20Ϯ2 meV. 2 In contrast to its neutral counterpart, the anion O 2 Ϫ has low lying excited states that are coupled to the ground state via allowed dipole transitions. In fact, the first excited state is the A 2 ⌸ u state, 6, 7 which is bound with respect to the first dissociation limit O ( 3 P 2 )ϩO Ϫ ( 2 P 3/2 ). The significant difference between the electron affinities of the O 2 molecule ͑0.43 eV͒ and the O atom ͑1.461 eV͒ [8] [9] [10] shifts the threshold for the photodissociation of O 2 Ϫ with respect to that of O 2 from 243 ͑5.1 eV͒ to 304 nm ͑4.08 eV͒. In planetary atmospheres, the photodissociation of O 2 Ϫ may be both a source of oxygen atoms and ions. In addition to this, O 2 Ϫ is a far more efficient absorber of near-UV radiation than neutral oxygen. The superoxide anion O 2 Ϫ is considered to be the most important anion involved in the negative ion chemistry in the lower ionosphere. 11 Together with the O Ϫ anion, O 2 Ϫ is at the base of a chain of chemical reactions leading to more complex negative ions.
Whereas the photodetachment of O 2 Ϫ has been studied in great detail, providing absolute cross sections, photoelectron angular distributions, and the observation of resonant states, [1] [2] [3] [4] [5] [12] [13] [14] the photodissociation of O 2 Ϫ has not received much attention. To the best of our knowledge, the photodissociation of O 2 Ϫ was first observed by Vestal and Mauclaire 15 in a tandem quadrupole mass spectrometer. They reported a cross section of 4.2ϫ10 Ϫ19 cm 2 for the photodissociation of O 2 Ϫ into OϩO Ϫ at 4.07Ϯ0.07 eV. More recently, the photodissociation of O 2 Ϫ has been studied by Johnson and co-workers. 4, 16 These studies extended the investigation to a wavelength range 3.5-5.6 nm and reported a 3% branching of dissociation relative to direct electron photodetachment. Furthermore, the angular distribution of the ejected O Ϫ corresponds to an anisotropy parameter ␤ϭ1.2Ϯ0.1. 3 P 2,1,0 ) fragments. The highly structured kinetic energy release ͑KER͒ spectrum makes it possible to estimate the branching over the six possible dissociation limits. The results are compared to a calculation assuming a diabatic model in the transition between the long range where the interaction energies are dominated by the charge-quadrupole interaction between the fragments to the asymptotic region, where the atomic spin-orbit interaction dominates over the long range electrostatic interaction. The angular distribution of the O fragments has an anisotropy parameter ␤ϭ1.9, a value that it is considerably closer to 2 than previously reported. The competition between the photodetachment ͑PDE͒ and photodissociation ͑PDI͒ is determined by detecting the O 2 products from PDE and the O atoms from the PDI process on the same detector in the pulse counting mode. We find PDI/͑PDIϩPDE͒ϳ10%. Clearly, the photodissociation of O 2 Ϫ and hence the formation of O Ϫ at wavelengths of less than 300 nm should not be ignored in ionospheric models.
II. METHODS:

A. Experiment
A continuous molecular beam of O 2
Ϫ is extracted at 5 keV from a hollow-cathode discharge ion source. The discharge is maintained at 600 V and 20 mA. The temperature of the source is ϳ350 K. We optimized the O 2 Ϫ signal by introducing molecular nitrogen in the discharge chamber. The most important reactions describing the production of negative molecular oxygen ions in the source are O 2 ϩO 2 ϩe→O 2 Ϫ ϩO 2 and N 2 ϩO 2 ϩe→O 2 Ϫ ϩN 2 . The superoxide ions O 2 Ϫ are mass selected by a Wien filter and introduced in a fast beam setup ͑see Fig. 1͒ . By means of four deflection plates, the beam is guided through the apertures of the apparatus. Two Einzel lenses are used to focus the beam through the exit aperture of the ion source region and to reduce the radial size of the beam in the region of interaction with the laser.
The O 2 Ϫ anion beam is crossed perpendicular by ultraviolet laser radiation. The laser system used for this experiment consists of a 50 Hz Spectra Physics Nd-YAG laser pumping a Lambda Physik ScanMate dye laser. The 532 nm output of the Nd-YAG laser or the output of the ScanMate ͑around 560 nm͒ is frequency doubled in a BBO nonlinear crystal. The UV laser radiation ͑266 nm or 275-285 nm͒ is focused in the setup in a region of 1ϫ1ϫ1 mm 3 (x,y,z). The UV laser energy, measured after the interaction region, is ϳ2 mJ. The polarization of the laser is chosen to be parallel to the detector surface.
The photodetachment signal consists of neutral O 2 molecules flying in the same direction as the initial O 2 Ϫ beam. The photodissociation signal, on the other hand, consists of O and O Ϫ fragments scattering out of the parent ion beam due to the kinetic energy released in the dissociation process. After a time-of-flight of ϳ7 s the fragments reach a detector consisting of two microchannelplates ͑MCPs͒ and a P46-phosphor screen. Outside the vacuum system, a double exposure CCD camera ͑LaVision, modified Imager3 VGA͒ records the images of the phosphor screen, from which the positions (x,y) and arrival time t of the detected fragments are obtained. 22, 23 In brief, the camera records the image of the phosphor screen and the intensity of the spots corresponding to individual particles. Due to the fast interline transfer of the CCD chip, the camera is capable of taking two successive images of the same phosphor decay for each event that originates from a single laser pulse. Subsequently, the arrival time is deduced for each event from the ratio of intensities measured in both images. 24 Therefore, this camera retrieves not only the (x,y) coordinates of the spots ͑ϳ80 m resolution͒ but also the arrival time of the particles ͑ϳ1 ns resolution͒.
The positions and arrival time difference between the two fragments resulting from a dissociation event are used to determine the orientation of the molecule during the dissociation process and to calculate the kinetic energy released in the process. Multiple dissociation events per laser shot can be detected, since coincident fragments have a center-ofmass position in the middle of the detector. The camera is the master clock of the experiment. It controls the firing of the laser and it limits the acquisition rate to 25 Hz.
B. Theory: A diabatic model for the correlated fine-structure branching ratios
The Franck-Condon region of the ground state of the O 2 Ϫ ion is well described by adiabatic Born Oppenheimer ͑ABO͒ potentials, i.e., determined by the eigenvalues of the usual Coulomb Hamiltonian Ĥ Coul . In this region, the projection of the electronic orbital angular momentum on the molecular axis ͑⌳͒ is a good quantum number. The finestructure splittings are much smaller than the binding energies derived in the ABO potentials. Since Ĥ Coul does not contain the spin, all the ABO states correlating with the O Ϫ ( 2 P)ϩO( 3 P) dissociation limit are asymptotically degenerate. Near the dissociation limit at the long range, the spin-orbit coupling Ĥ SO dominates the interaction among these states. Between the Franck-Condon region and the asymptotic region, a region exists, in which the charge- quadrupole, ion-atom interaction between the fragments is still significantly larger than the asymptotic atomic finestructure interactions.
In the case of dissociation at very small recoil velocity the atomic fine-structure branching is best described by a spin-orbit adiabatic correlation diagram with Hund's case-c potentials. These potentials follow from the eigenvalues of Ĥ Coul ϩĤ SO . The associated eigenfunctions are labeled by ⍀, the projection of the total electronic angular momentum on the molecular axis, rather than ⌳. Since the A 2 ⌸ u,3/2 and A 2 ⌸ u,1/2 states are the lowest 2 ⌸ u states for ⍀ϭ3/2, 1/2, respectively, they both correlate with the lowest O Ϫ ( 2 P 3/2 ) ϩO( 3 P 2 ) limit. However, at the wavelengths used in this experiment, the recoil kinetic energy ͑approximately 500 meV͒ is much larger than the atomic fine-structure energy differences. Thus, this adiabatic model does not necessarily apply in the energy regime of our experiment.
In the high-energy limit a diabatic or sudden model is expected to apply. The long range states are derived from a correlation diagram for the ABO states. In the present case, it is assumed that in the long range the molecular potentials are well described by the charge-quadrupole interaction. The diabatic wave function is projected onto a basis of product atomic fine-structure states in order to obtain the atomic fine structure distribution. A problem treating molecular dissociation to asymptotic fine-structure states was worked out with a similar analytic diabatic model for the photodissociation of neutral O 2 in the Herzberg region. 29, 30 A similar treatment has been used in the experimental paper of Leahy et al., 31 which was based on the theory from Singer et al. 32 The present treatment is different in two ways from the earlier. Dealing with an anion, the leading long range term is the charge-quadrupole interaction, which is stronger than the quadrupole-quadrupole interaction as, for example, in neutral O 2 . Second, the use of the long range interactions makes the full treatment analytical without using empirical parameters, as in Refs. 31, 32. Using the notation of Ref. 30 , we express the orbital part of the ABO functions in the long range as product atomic wave functions,
where the subscript a refers to the O Ϫ ion and b to the neutral O atom, l a ϭl b ϭ1, and ⌳ϭ a ϩ b ϭ1 for ⌸ states. The neutral O 2 ABO states can be obtained by a ClebschGordon coupling of the atom states. However, for O 2 Ϫ it is more convenient to work in the uncoupled basis, since the charge-quadrupole interaction V (0,2) lifts the degeneracy of the ͉11͉͘10͘ and ͉10͉͘11͘ states and the off-diagonal matrix element between the states is zero.
A complication arises from the fact that two 2 ⌸ u states exist for each value of ⍀ correlating with the O Ϫ ( 2 P) ϩO ( 3 P) limit. In order to determine the wave function for the lowest state, i.e., the one correlating with the A state, we must consider the leading nonvanishing long range term in the multipole expansion of Ĥ Coul . A calculation shows that the ͉10͉͘11͘ state, i.e., the state with O ϭ1, is the lowest. This can be readily understood qualitatively, since the 2p shell electron configurations of the O ( 3 P) atom for O ϭ1 
͑3͒
It is now straightforward to compute the transformation matrix elements,
and the fine-structure branching coefficients
The results from the last equation are compared to the experimental results and to a purely statistical model in which the statistical multiplicity is assumed to describe the fine-structure distribution.
III. RESULTS
A. Photodissociation versus photodetachment rate
As was shown before, 16 for excitation energies larger than 4.08 eV the dissociation channel opens and the issue of the competition between electron detachment and photodissociation is relevant. Previous work showed a branching ratio of 3% between the two processes ͑3% PDI versus 97% PDE͒ 16 in the range of 4.5 eV. In order to estimate the dissociation versus detachment branching ratio, we have detected the O 2 molecules and the O fragments on the same detector. We employ a 600 V/cm electric field to deflect the parent ion beam after the interaction with laser. This way we ensure that the only fragments that reach the detector are neutral species. By removing a beam dump, the neutral O 2 products are detected in the center of the detector. We found virtually no signal in the absence of the laser light. Figure 2 shows a sample of four datasets recorded at different laser wavelengths between 275 and 285 nm. The particles detected in a confined region ͑10ϫ10 pixels͒ in the center of the detector are neutral O 2 products from the photodetachment process. The fragments found outside this small region are O fragments from the photodissociation process. Figure 2 shows that the radius of the O fragment distribution, which is a measure of KER in the dissociation process, increases with photon energy, as expected. We measured the branching ratio of the two processes over the wavelength region of 266 -285 nm. The results are plotted in Fig. 3 . Detecting both species, O and O 2 on the same detector in a pulse counting mode, makes this result insensitive to small gain differences in the detection of both species. The mean value of the branching ratio is 10%. A linear fit reveals a slight increase in the photodissociation efficiency to higher photon energies.
B. The angular distribution
A second experiment has been performed at 266 nm ͑4.66 eV͒ focusing on the photodissociation process itself. This experiment uses coincidence fragment detection, i.e., the photodissociation products O and O Ϫ are recorded in coincidence. A beam dump is placed 20 cm away from the laser interaction region in order to avoid saturation of the central part of the detector, where the main negative ion beam arrives. The beam dump also blocks the neutral O 2 products from the photodetachment process. The raw (x,y) data, as recorded by the camera over 20 000 laser shots at 266 nm, is shown in Fig. 4͑a͒ . In this figure, each photodissociation event is represented by two dots on opposite sides of the center of the image. Only one ring is present; it corresponds to one-photon transitions from the ground state X 2 ⌸ g (vϭ0) to the continuum of the A 2 ⌸ u state, generating O( 3 P)ϩO Ϫ ( 2 P) fragment atoms. The dissociation process is a direct and fast process via a
To verify this, the angular distribution of the fragments on the detector has been investigated. We recall here the expression for molecular dissociation using linearly polarized light:
Here stands for the lifetime of the dissociative state and P 2 (cos )ϭ3/2 cos 2 ()Ϫ1/2. For a direct dissociation process, ␤ ʈ (ϭ0)ϭ2 or ␤ Ќ (ϭ0)ϭϪ1, reflecting the character of the transition. In Fig. 4͑b͒ a histogram sudden decrease of signal around 165°. This is an unfortunate consequence of the presence of the beam dump; the angular region from 150°to 175°degrees is hidden by the holder of the beam dump ͑data not shown͒. The solid curve is the best fit of the histogram ͑ignoring the region mentioned above͒. We have used for the fit the function expressed in Eq. ͑6͒. The anisotropy parameter ␤ derived from the fit equals 1.9Ϯ0.02, where the error gives the fitting uncertainty. Uncertainties on the absolute background level implies that our result is not inconsistent with ␤ϭ2. This result supports very well the belief that the dissociation happens via a A 2 ⌸ u ←X 2 ⌸ g parallel transition.
C. Experiment: The fine-structure at the dissociation limit
In our experiment, the full kinematics of the dissociation process are obtained via a three-dimensional coincidence detection. This information makes possible the identification of the initial state as well as the fine structure of the dissociation limit, by means of KER spectra. For each coincidence event, KER is calculated:
where E 0 is the kinetic energy of the parent beam ͑5 keV͒, L is the length of the flight tube from the region where dissociation takes place to the detector, D is the distance measured on the detector between the two fragments, ⌬t is the arrival time difference of the particles and v 0 is the velocity of the parent beam. Figure 5 shows a histogram of the observed KER distribution. As the spatial resolution of the apparatus is better than the temporal one, the resolution of the KER determination is increased by employing a further selection of events. We select only events with a minimum time difference and a maximum spatial separation. These events are dissociations in the plane parallel to the detector. The observed KER values in the broad peak reveal that photodissociation starts from different rotational and fine-structure levels of the ground state X 2 ⌸ g (vϭ0), leading to the O( 3 P 2,1,0 )ϩO Ϫ ( 2 P 3/2,1/2 ) limits. The near absence of a v ϭ1 dissociation peak around 670 meV as well as vϭ2 dissociation peak around 800 meV reveals the absence of X 2 ⌸ g (vϭ1,2) levels in the initial ion beam or a dissociation probability that decreases very strongly with the vibrational quantum state, which is not very likely. This result is surprising in view of the expected stability of O 2 Ϫ (vϭ1) and
The superoxide ion has two spin-orbit ground states O 2 Ϫ (X 2 ⌸ g,⍀ ) (⍀ϭ3/2,1/2), which are split by AϭϪ20 Ϯ2 meV. 2 The lowest ground state is O 2 Ϫ ( 2 ⌸ g,3/2 ). The dissociation limit O( 3 P j )ϩO Ϫ ( 2 P j Ϫ) , in fact, forms a manifold of six dissociation limits. The fine-structure splitting of O( 3 P 2,1,0 ) is accurately known (Ͻ10 Ϫ4 cm Ϫ1 ) from laser magnetic-resonance experiments. [25] [26] [27] [28] The 3 P 1 and 3 P 0 levels are 19.65 and 28.08 eV, respectively, above the 3 P 2 level. For the O Ϫ ( 2 P 3/2,1/2 ) fine-structure splitting, we have used the latest high precision result 177.084͑14͒ cm Ϫ1 ͑21.95 meV͒, which has been obtained using photodetachment microscopy. 10 Figure 6 shows 12 possible transitions and relative energies of the fine-structure states used in the simulation of the KER spectrum. The transition T 12 originating from O 2 Ϫ X 2 ⌸ g,3/2 and ending on the dissociation limit O ( 3 P 0 )ϩO Ϫ ( 2 P 1/2 ) does not conserve the projection of total angular momentum, exclusive of nuclear spin on the molecular axis, but it is considered in the fit and found to contribute. The rotational population of the anion ground state of O 2 Ϫ (X 2 ⌸ g ) is assumed to obey a thermal distribution. Considering the temperature of the ion source Tϭ350 K and the rotational constant ␤ e ϭ1.16 cm Ϫ1 , up to Rϭ35 rotational states are populated. The shape of each transition used in the fitting of the KER spectrum is 
KER is the kinetic energy release, taking into account the initial rotational state and the different asymptotic channels, as defined by R, ⍀, j, and j Ϫ . The KER resolution of the detector and imaging equals ͑ϭ2 meV͒. The Earth's magnetic field as well as stray electric fields affect the trajectories of the charged O Ϫ . We actively compensate for this effect by employing a small electric field. Nevertheless, a small residual shift remains: dϳ400 m. Since the O and O Ϫ fragments cannot be distinguished on the detector, the effect of magnetic field appears as an apparent splitting of each KER peak, one at KER corresponding to a distance between fragments DϪd and the other one at KER corresponding to a distance Dϩd. The splitting is ϳ31 meV. This effect is included in the shape of the transitions considered in the fit. The calculated maxima of the KER distribution for each transition, ignoring this instrumental complication, are presented in Table I . Not all of the 12 combinations ͑see In the simulation of the KER spectrum we have used a least square linear fitting routine. The input matrix consists of the 7 KER distributions representing the 12 transitions, G i . A small constant background is added to account for the minor fraction of accidental coincidences. The detection of multiple coincidences per laser shot opens the possibility of recording accidental coincidences; an incorrect combination of two fragments coming from different dissociation events but having an apparent center of mass in the region of acceptance for true coincidences. The best fits were obtained using 19 meV for the fine-structure splitting in the superoxide anion ground state. We note that the observed structures in Fig. 5 could only be consistently fitted using the known energy differences between the dissociation limits and the known instrumental parameters. This observation corroborates the origin of the observed structure in the KER peak. The error bars have been determined by fitting 100 realizations of the spectrum while changing the spectrum randomly within the statistical uncertainty per channel, on top of determining the sensitivity of the fit results toward changes in other parameters, such as the 19 meV fine-structure splitting, and the rotational temperature in the range of T r fit ϭ300-350 K. We find that the data are best described limiting the fine-structure splitting to 19Ϯ1.5 meV. Table I also shows the calculated, theoretical results using the diabatic model described above, as well as the results of a simple statistical model. A fully adiabatic dissociation would result in population of the first dissociation limit, O( 3 P 2 )ϩO Ϫ ( 2 P 3/2 ), only. With respect to the calculations, we note that the results of the diabatic model predict a significant larger population of the excited O( 3 P J ) states than the statistical in the case of the superoxide anion ground state, whereas the reverse is the case starting from the excited O 2 Ϫ (⍀ϭ1/2) anion state. As can be deduced from Table I , the sum of the diabatic predictions, starting from the two molecular states and leading to a certain dissociation limit are identical to the statistical prediction. This remarkable observation cannot be general, since a necessary condition for this observation is that the selection rules allow the molecular state to connect to all possible dissociation limits. Certain allowed molecular symmetries do not meet this condition. At this moment, we have no explanation of this effect. Table II and Fig. 7 show the comparison between the experimentally deduced branchings and the theoretical ones. Here some individual transitions have been grouped, as described above. Note that the groups are numbered with increasing KER value, whereas the transitions are numbered, as described in Table I . The experimental results are represented by the fit coefficients. For the comparison, we have adopted equal populations for both molecular fine-structure states. Unfortunately, we cannot deduce this population ratio directly from the data. We note that no a priori information has been used in the experimental fit. A very nice agreement is found between the calculated and predicted trends in the branching. The superoxide anion clearly does not dissociate adiabatically. It is, however, difficult to distinguish between the diabatic and the statistical model. Finally, we note that we observe a small contribution for G 1 . This dissociation pathway does not conserve the projection ⍀ in going from the molecule ͑⍀ϭ3/2͒ to the highest dissociation limit, O( 3 P 0 )ϩO Ϫ ( 2 P 1/2 ) with total ⍀ϭ1/2.
IV. DISCUSSION
A. Photodetachment mechanism
We have found a dissociation fraction of approximately 10% slowly increasing with photon energy over a wavelength region between 285 and 266 nm. We have established that the dissociation process starts from O 2 Ϫ X 2 ⌸ g,1/2,3/2 (v ϭ0) states only and that it takes place via the continuum of A 2 ⌸ u , based on the anisotropy parameter. Finally, we have obtained information on the correlated product state information. First, we will discuss the photodetachment process, which can proceed via a number of pathways, both direct and indirect: 6 Equations ͑9͒, ͑10͒, and ͑12͒ are one-electron processes; Eq. ͑11͒ is indirect and involves a two-electron process in the autodetachment step. Equation ͑12͒ is the result of two one-electron processes, but has a very small Franck-Condon overlap in the autodetachment step at our excitation energies.
An absolute determination of the efficiencies of these pathways is not easy. The observed photodissociation fraction may reflect the relative cross sections of direct photodetachment and molecular excitation. However, a photodetachment signal due to autodetachment of the excited molecular anion state cannot be ruled out based on our observations. The measurements of the branching fraction, fine-structure distribution and anisotropy presented here do not contain direct information on the origin of the observed branching fraction. Bailey et al. concluded from studying autodetachment studies via bound vibrational levels in the O 2 Ϫ (A 2 ⌸ u ) state that the absorption cross section to this state may well be equal to the photodissociation cross section. 4 The observation of vibrational structure in this experiment is suggestive for autodetachment lifetimes being much longer than a vibrational period. As a consequence, upon excitation molecular dissociation would be much faster than autodetachment.
In fact, an electron energy spectrum of the photodetached electrons could be more revealing in this respect. Autodetachment via the dissociative O 2 Ϫ (A 2 ⌸ u ) state should result in a change in the Franck-Condon factors with different product neutral O 2 vibrational levels. We have not found measurements in the literature in this direction. Further, it is of interest to note that the photodissociation branching does not change upon energetically opening of the reaction channels associated with Eqs. ͑10͒ and ͑12͒. Opening of these channels could increase the relative autodetachment rate and decrease the dissociation fraction.
Theory is more revealing in unraveling the different mechanisms. Recently, multichannel scattering calculations were performed, 5 providing cross sections for the photodetachment of O 2 Ϫ , leading to O 2 for photon energies up to 50 eV. Since this theoretical work was performed using a fixed nuclei approximation, the cross sections should be seen as total absorption cross sections. The distribution of the total cross section shows an overall smooth increase for photon energies up to 20 eV followed by a smooth and slower decrease toward an energy of 50 eV. The only prominent structure is a resonance appearing at photon energies between 5 and 6 eV ͑the cross section increases locally by a factor of 4 up to 15-20ϫ10 Ϫ18 cm 2 ). The resonance has the configuration of 1 u 3 1 g 45 and it is attributed to the O 2 Ϫ (A 2 ⌸ u ) state. Our experiment was performed in a wavelength region ͑4.35-4.66 eV͒ and the total theoretical cross section should be around 4.5ϫ10 Ϫ18 cm 2 . The main contributions to this cross section are processes of Eq. ͑9͒ ͓ϳ2ϫ10 contribution of Eq. ͑12͒ ͑according to the one-channel calculation, the maximum cross section of this reaction is obtained for a photon energy of 10 eV͒. The rest of the states taken into account in this theoretical work show various maxima for photon energies higher than 10 eV and do not contribute significantly to the total cross section for photon energies below 5 eV.
As the photodetachment mechanism is likely to be dominated by a direct one-photon process as well, we describe our experiment by
It is tempting to conjecture that at the peak of the 5 eV resonance, photodissociation may even dominate over photodetachment. 5 A preliminary experiment at a photon wavelength of 212 nm ͑5.8 eV͒ did not show any increase in the photodissociation fraction. The 212 nm has been obtained by frequency mixing of the fourth harmonic of the Nd:YAG ͑266 nm͒ with the fundamental wavelength of the same laser ͑1064 nm͒. It is possible that at this increased energy the autodetachment process via the O 2 (c 1 ⌺ u Ϫ ) state has increased significantly in strength, reducing the photodissociation rate.
B. The fine-structure of the dissociation limit
In general, the transition from the chemical and exchange forces at short range via the long range atomic interactions to the asymptotic limit, where the atomic finestructure splitting is the dominating splitting, is considered a complex issue. This process has regained interest because of the field of cold collisions, in which long range interactions and small angular momentum values dominate the collision dynamics. Accurate diabatic predictions on the photodissociation process are possible because of the molecular structure of the superoxide anion. The present system is relatively simple, because at large internuclear separations ͑1-2 nm͒ the molecular potentials are well described by electrostatic charge-quadrupole interactions between the atoms, whereas the spin-orbit interaction still can be neglected. In more heavy systems, the projection on the asymptotic atomic states may involve already Hund's case-c wave functions, a situation that complicates the determination of some of the matrix elements that are important for the final diabatic picture. 32 It should be noted that the charge-quadrupole interaction in O 2 Ϫ is stronger than the quadrupole-quadrupole interaction in neutral O 2 . Hence, in comparing the anion with the neutral, the dissociation behavior could have been more adiabatic in the anionic case. However, the two systems both seem to be rather diabatic in dissociation behavior. 34 Understanding the dissociation dynamics of diatomic molecules implies being able to predict the distribution over the different fine-structure states. This type of research has not received a lot of attention because of the relatively small number of experiments that could be performed at this level of detail. With the improvements in ion imaging techniques, such as velocity map imaging, 33 experiments at this detail for important atmospheric molecules may well become possible; see, for example, Ref. 34 on molecular oxygen. Using velocity map imaging, no correlated fine-structure information in the case of oxygen has been reported. Coincident fast beam photofragment techniques have been able to obtain quantitative correlated information on the atomic fine-structure states employing the aspect of coincident detection. The experiment reported by Leahy et al. is an excellent example of how coincidence experiments can reveal details of the photodissociation of molecular oxygen via the Schumann-Runge states. 31 The complexity of the Schumann-Runge predissociation process and the fact that their theory required a small number of fitting parameters, makes it harder to draw firm conclusions. The present study of the superoxide anion is a favorable case for theoretical calculations. The dissociation process involves one dominant molecular state and the description of the charge-quadrupole interaction makes it possible to generate a diabatic model without any parameter. The experimental resolution reached in the present experiment was not sufficient to determine accurate branching fractions that can be compared quantitatively. The data show that dissociation is far from adiabatic and much closer to diabatic and statistical models. The presence of dissociation fragments at the channel that does not conserve ⍀ in the dissociation can not be explained within the present diabatic model.
The importance of the superoxide anion in atmospheric sciences resides dominantly in the chemistry in the upper atmosphere. In this region, the UV flux is intense. The reported 10% photodissociation should not be neglected in ionosphere models. Photodissociation of the superoxide anion is a source of the atomic anion, which may play a role in the upper atmosphere.
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